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?.  Gleaning  Teats  bttsed  on  DGS/6v9^ 

A  '■.ct  surface  is  prepared  a  rvftrericc  furnace  fuei 

oil  cn',.;  »i  metal  plate.  The  s-iled  is  th^n  sprayed  with 

detergent  ind  after  a  soak  time  o!  K  ir/.nutcr  wish'  d  wi*h  sea  water. 
In  this  report  the  sea  water  ucci  w-,  Lyr.*hetic  ;.e'i  wa»er  made  up  to 
the  r'rmulr.ticn  in  IP  Star.dard;  '  i  leuir.  i'  i  Iroducts 

Meth  .0  Kd  I35/6I1. 


Whi  le  the  cleanire  teo*  was  r,:.t  jia"  icuiarly  rt  ievdj^it  during 
the  Mme  the  nl  was  still  floating  ;n  th**  aen,  the  reaul’s  did  give 
some  ind. ration  cf  the  rate  of  pent t;  it  1  ;n  1  tr.*-  detergent  into  the 
ril  film,  ar.d  rnce  the  oil  was  driver,  ichr-c  c.-.ating  beaches,  rocks 
and  j-.fies,  the  cleaning  properties  became  of  prime  iisportance. 

Clenr-ing  tests  to  DGS/6992  art-  irri?d  out  von  lif”  x  12"  panels, 
but  bcoause  of  the  large  number  of  TC  lerergent  samples  and  limited 
ove.n  ipi.ity  for  stsving  the  tes*  puiels,  their  size  had  to  be 
reduced.  Initially  3"  x  l"  panels  were  used,  but  it  was  found 
difficult  to  obtain  on  them  an  even  stoved  oil  film.  Finally 
6”  X  3"  panels  were  chosen,  as  shown  in  Fig  1  Where  differentiation 
botwonn  similar  products  was  required,  where  a  detergent  was  border¬ 
line-  l--=»w»-'-n  being  accepted  cr  r'cd  r.  .leaning  properties  a  check 
wii  .urried  out  using  12"  x  .2"  p»r.e-6 


Det'-Tgents  were  placed  ir.  one  I  f-v-  Classes  aitcrding  to  their 
-leaning  ♦.est  rerults.  Classes  w*=re:- 


Class  1, 

C  1^-35  2 

Class  3 
Class  *• 

Ci9S£  r 


Majority  cf  fuel  oil  removed 
Appr' ximate.j  r-S  tutl  1:  removed 

Apprcxixa’e 0?  I’lel  •!.  resitved 

Appr '.’t.mfe'v  . ..  I’le.  rrmveS 

Negligible  fuel  -il  rtm: /ed 


Consid' rati  cn  was  given  t-o  the  scakirg  'iine  be*ween  spraying  the 
detergent  onto  the  test  panel,  and  washing  eff  wi»h  sea  water  It 
was  f  runa  thar  certain  detergents  w.li  t.-.  .r.iesseJ  a*  Class  1  if 
the  pur.el  was  washed  iramedi ii'tr  spraying  cr.  detergent, 

bu*  it  .‘eft  f.';r  30  minutes  w.tiid  be  astr'cs^d  as  Class  In  use  on 
the  beaches,  it  seemed  unlikely  that  washing  down  would  follow 
immedi  after  spraying  on  deterger.’ ,  sec  nd..y  c.  1  films  were 

likely  >  •  b"*  mu?h  thicker  cn  ro'kt  <-*'  ,  ’han  or.  'he  test  panels 
.  •»ppr.  x.n.i'*-ly  f.  15  an),  and  finai.y  jt.  :  inr.y  wto'her  the  temperaturg 
if  r  ar.d,  K&,  etc.,  could  be  c.  r.i.d*  m^re  ^han  -he  average  70  r 

lab  'a'  .'y  'emperature  at  which  -he  tented  F~r  these 

rea=  r,-:  a  "s.ak  time"  was  : .ir.s . de 1  eften-ia.,  .md  wur  fixed  fer 
thHt*  '‘i  i  *1-  15  minutes 

RetJits  varied  frera  eompie-e  ''m.va.  ».  ti  -.-.t.  -'Si  f  the 
st.;ved  il  Figure  1  skews  pa'.e.E  af-'-r  I'-anir.g  tests. 

S8mp:*»f  ,  8;  36  ard  63  w«re  <«£?eSf€d  C  .a-s  .,  wh- 3C  and  39  were 
results  are  giver,  .n  Til.-  . 


.Ar.y  le-rtgerr  assessed  Cla:S  -  ;  :o'  ''leiri.r.g  pr- pe  —  iCS  was 

iVJC'tV'l 
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3.  Emuigji  f iearion  Tests  based  i.  6y9i 

Thf  tes:  crnsists  cf  eiBUisi:>  .r.t;  tt  ria’'a-  rurbine  lubr:  rating 
cil  OEF-69  r  which  is  added  2*5)5  detergent  '  altuiated  co  the  voluae 
of  cil  w;th  sea  water  and  then  r.  tir.g  'r.e  breaki.wn  of  the  emulsion 
ever  a  period  of  5  heurr  To  gi*-*:  differentiation,  a  further 

reading  .f  emulsion  breakdown  was  msie  aJ'i  .  2’««  h.  irs  fer  sci"*  of  the 
b^'r>=r  iftergents 

Figure-  2  shows  a  series  cf  emulo.rn  teets  with  OEP-69  'top) 
and  crude  ril  'bettoA)  after  apprcxieatelj  5  hours  standing.  Sample 
97  gave  good  emulsion  stability,  whwe  68  was  assessed  poor.  The 
reduced  separation  into  cil  and  water  w^'h  -rude  ci^  emulsions  can 
be  seen  A  full  set  of  emulsion  stabi.itj  results  are  given  in 
Table  ! . 

Although  the  Torrey  Canyon  was  carrying  crude  cil,  a  very 
different  prcduct  from  the  highly  refined  and  additive  treated 
turbine  on  OEP-69,  the  latter  was  .-onsidered  to  be  a  more  difficult 
oil  to  emulsify  and  therefore  would  give  better  differentiation 
between  the  good  and  bad  detergents.  The  b'-s*  materials  showed 
little  emulsion  breakdown  after  2‘-  fc  :urs,  *n*-  per-st  gave  sloiost 
ccmple'*^  separation  within  1  h  ur.  la'er  wh**r.  a  supply  of  crude  oil 
'Kuwait  Exp.  rt  Crude)  from  the  sao*-  c  u'  r  as  fhe  ii .  ‘arried  by  the 
Torrey  Canyon  was  obtained,  the  teff  were  ''■•peaked  using  crude  oil 
with  the  better  detergent  materials  The  '-eu  *s  wki :h  are  given 
in  Table  1,  -••■nfirmed  tha-  10  geoerai ,  emulsior  s  :f  erode  ;;1  and 
sea  water  were  more  stable  than  emu. s. -.is  w.*h  OSP-69 

)•  The  need  for  additivnat  test- 

As  rep.rt*  cane  40  ;n  the  disp-ri*.  ?  'r.e  -ci .  slicks  at  sea. 

It  oe.ame  apparent  that  emuisificati  r,  .if  *he  dererget*  treated  oil 
mainly  'ccurred  through  wave  acticr.  and  t.>  a  lesser  extent  from  the 
wash  from  the  spraying  vessels  The  emulsi.n  'est  in  DCS/6992 
designed  to  simulate  passing  the  treated  >.l-rea  water  mixture 
»hrcugh  a  centrifugal  biige  pump,  was  hardly  appr .pr; a*e  for  this 
work  end  sight  even  be  giving  misleadirg  resui's  In  a  number  of 
instacte..  i*  was  found  that  due  the  ?'.-rg'?-»ic  stirring  and  the 
particular  water/oil  ratio  used,  wa*er  m  .-.i  emuisirns  were  being 
f  armed  m  the  emulsiwn  test  and  *hede  w  ..Id  bo  assessed  as 
satisfa  r  ry,  whereas  they  are  ever.  I-ss  ctti sfs:’ cry  then  no 
emu.s  : } .  •.at  jcr 

W’.th  'he  emphasis  changed  fr-j.  t».ge  .  .‘au-irg  'c  oil  dispersal 
it  was  .bvicur  that  a  more  realis'i:  '»-f'  was  'squired  little 
work  has  been  published  n  the  -  a.ua'.  •  ;  de'erg.^r.ts  jf  this 

nature  J  C  Taylor  2  ,  ir.  a  .-.tu'e  •  'r.e  Infti'j'e  of 
Fetrci-um  gave  a  method  used  by  Eso.,  cu-  -r.ie  d.J  not  simulate 
dispe.'Si;  by  wave  a:*j  'r.  and  was  rs'r.er  '»»►  •  r.svming  The  USA 
ha",e  a  =pe ; . f  1  :ati -.0  '3  f  r  a  3  .ver.'  Ear.-i.f.er  Cu  Slick,  but 
this  .a.'’ge  quac'i'ies  :f  s-a  wa'*-r  and  a.5->  a  c.flsiderable 

number  .1  man-hvir?  per  sample  t*-sred 


» 


I  -  e 
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Two  approaches  were  tried  at  AOL:- 

(a)  Emulsion  formation  with  low  input  of  energy  and  high 
water  to  crude  oil  ratios,  using  the  swirling  table 
emulsion  test. 

(b)  Measurement  of  the  interfacial  tension  between  sea 
water  and  detergent  treated  fuel  oil. 

5 ,  Swirling  Table  Emulsion  Test  (STET) 

The  STET  was  developed  in  a  matter  of  d^s  from  equipment 
that  was  easily  obtained  and  was  intended  to,  as  closely  as 
possible,  simulate  the  conditions  pertaining  to  oil  dispersal 
at  sea.  During  test  development  i*  was  consteintly  in  mind  that 
a  test  of  this  type  would  need  to  be  capable  of:- 

(a)  Rapidly  comparing  samples  from  different  suppliers 

(b)  Using  little  operation  time 

(c)  Being  capable  of  surveying  a  range  of  treatment  levels 

(d)  Being  reasonably  repeatable 

(o)  Using  cheap  easily  obtainable  equipment 

Figure  3  shows  the  table  (h)  in  use,  with  U  tests  being 
inin  simultaneously. 

{ a)  Outline  of  Method 


2  ml.  of  the  crude  oil  is  floated  on  the  surface  of  50  ml. 
of  3/5  sodium  chloride  solution  in  a  100  ml.  squat  form  beaker  and 
the  appropriate  amount  of  the  detergent  added.  The  besiker  is 
swirled  gently  and  observations  of  the  degree  of  emulsification 
of  the  contents  are  made  a  regular  intervals.  These  observations 
are  combined  to  give  a  single  rating  number  for  each  treatment 
rate . 

(b)  Test  Procedure 


50  ml.  of  3J5  sodium  chloride  solution  were  placed  in  a 
prepared  beaker  and  2  ml.  of  the  crude  oil  added.  The  requisite 
amount  of  the  detergent  was  pipetted  onto  the  oil,  i.e.  0.1  ml. 
for  the  5%  treatment,  0.2  for  the  lOjf,  and  O.i*  for  the  20%,  The 
table  was  set  swirling  at  130  cycles  per  minute.  After  one  hour 
of  swirling  the  table  was  stopped  and  the  contents  of  the  beaker 
examined.  This  was  completed  ar  rapidly  as  possible  as  some 
separation  takes  place  on  st  upping,  particularly  in  the  early 
stages  of  the  test.  The  contents  were  rated  as  follows:-  (See 
Figure  1). 


Rating  i 
Hating  2 
Rating  3 
Rating  h 


Rating  S 


Complete  emulsion  formed 

Emulsion  with  slick 

Emulsion  with  oil  film 

Emulsion  spread  to  the  bottom  of  the 

beaker  but  still  little  reduction  in 

the  oil  layer 

No  significant  emulsification 


/ 
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The  swirling  was  continuect  I  ,r  %  further  h:ur  and  another 
I  assessment  made.  A  further  three  periods  'f  swirling  for  1  hour, 

were  carried  out,  assessing  at  the  end  of  each  hour 

( Test  Results 

An  abridged  lis'^  of  the  hour  by  hour  assessments  is  shown 
in  Tab.e  2.  There  is  considerable  difficulty  in  comparing  such 
a  grcup  of  numbers  and  they  were  conderised  to  yield  single 
rating  numbers.  Two  methods  of  doing  this  were  tried:- 

;a)  The  sum  of  the  ratings  minus  5  to  give  an  unweighted 
rating  number  in  a  scale  from  0-20.  Products  with  a  rating 
number  (unweighted)  of  0  being  completely  emulsified  in  one  hour 
and  those  with  a  rating  number  of  20  still  being  completely 
separate  after  3  hours  swirling. 

(b)  The  sum  of  the  products  of  the  ratings  and  the 
number  of  hours  on  testc minus  ;15t  yielding  a  rating  number 
(weighted)  scale  from  0-60.  There  is  little  be  be  gained  from 
using  the  latter  method  regularly,  the  results  not  showing  much, 
greater  resolution  than  the  uhwei^ted  rating  numbers.  When, 
however,  it  is  necessary  to  resolve  fine  differences  between 
detergents  at  the  poorer  end  of  ^'the  scale,  the  weighted  rating 
number  will  favour  products  that  with  time  produce  complete 
emulsions  instead  of  those  that  yield  partial  emulsification  at 
an  early  stage  and  never  progress  beyond  this  state.  It  should 
be  emphasised  that  the  differentiation. is  between  the  less 
meritorious  products,  which  tend  to  be  somewhat  bunched  together 
when  using  the  unwei^ted  rating  number. 

The  full  list  of  results  for  the  STET  is  given  in  Tables  3 
(unweighted)  and  U  (weighted). 

Considering  the  results  as  from  Table  3,  the  materials  can 
be  divided  into  three  groups:- 

Group  1  Efficient  emulsifiers  at  all  3  treatment  rates 
e.g.,  TC  10,  l6,  and  51- 

Grcup  II  Increasing  emulsification  efficiency  with 
increasing  treatment  rates  e.g.  TC  17,  31, 

38,  98. 

Group  III  Low  emulsifying  efficiency  at  all  treatment 
rates,  e.g.  TC  3,  11,  96. 

Table  5  shows  these  grouping  in 'approximate  descending- order  of  merit, 
and  in  addition  gives  an  approximate  percentage  of  surfactant,  type 
of  surfactant,  and  percentage  aromatics  in  the  solvent,  where  known. 
More  detailed  analytical  results  are  given  in  Part  3  (Confidential) 
of  this  report. 

It  was  hoped  that  some  pattern  as  to  the  requirements  of  a  good 
emulsi lying  detergent  would  appear  from  the  results  in  Tables  3,  k, 

€Lnd  3  but  it  lu  considered  that  no  defini.e  conclusions  can  be  made 
with.vjt  a  large  quantity  of  more  detailed  analysis  on  a  greater 
rang*-  f  products. 
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There  is  an  indication  that  tne  surfactants  should  be  a 
mixture  of  non-ionic  and  ionic  materials,  and  cnxy  products  with 
such  combinations  of  surfactants  received  the  top  rating  in  this 
test . 


There  is  also  an  indication  that  there  must  be  some  aromatics 
in  the  solvent,  perhaps  20  to  25/?*  Except  for  TC  6l  which  is 
believed  to  have  an  aromatic  content  of  less  than  10)J  and  TC  i*9 
with  an  aromatic  content  of  17?,  no  product  has  a  rating  less  than 
15  with  an  aromatic  content  less  than  2UJS. 

The  percentage  of  surfactant  in  the  detergent  does  not 
necessarily  give  any  indication  of  emulsification  efficiency, 
although  products  with  the  top  rating,  with  the  exception  of  TC  98 
have  a  minimum  of  20?  surfactant.  However,  just  •••  •'asing  the 
surfactant  does  not  necessarily  increase  emulsification  efficiency, 
e.g.  TC  97  and  98  differ  only  in  surfactant  content  having,  10?  and 
5?  respectively.  TC  38  and  39  also  differ  only  in  surfactant  content, 
having  50?  and  20?  respectively.  With  both  these  pairs  of  products, 
there  appears  little  difference  in  emulsification  performance 
despite  the  differences  in  surfactemt  content. 

It  seemed  from  these  results  that  there  was  no  easy  way  to 
obtain  an  efficient  detergent  by  composition  specification,  and  that 
efficiency  would  have  to  be  assessed  by  practical  testing  of  each 
product. 

f a)  With  ’’Chocolate  Mousse” 

Much,  if  not  the  majority,  of  the  beach  contamination  was 
found  to  be  water  in  oil  emulsion  with  a  high  water  content  emd  not 
aged  crude  oil  with  relatively  little  water.  The  sea  water  content 
varied  up  to  about  70?,  (the  theoretical  maximum  for  close  packed 
spheres)  at  which  level  the  contamination  had  the  appearance  and 
consistency  of  chocolate  mousse.  Such  emulsions  are  readily  prepared 
in  the  laboratory  by  stirring  or  gently  swirling  the  appropriate 
amounts  of  oil  and  water  together  for  a  sufficient  period  of  time. 

The  efficiency  of  the  detergents  was  found  to  vary  when  tested  on  the 
oil  emulsion  and  a  further  merit  assessment  was  requested  to  find 
the  best  products  to  deal  with  this  "chocolate  mousse" 

The  STET  was  modified  to  obtain  this  information  by  placing 
two  grams  of  an  emulsion  of  the  oil  from  the  Torrey  Canyon  that 
had  been  removed  from  a  beach,  in  the  beaker  and  then  added  0.2  ml. 
of  the  chosen  detergent  and  edlowing  the  sample  to  stand  for  15 
minutes.  50  ml.  of  the  sodium  chloride  solution  were  then  added  and 
the  beaker  placed  on  the  swirling  table  and  the  test  carried  out  as 
for  testing  for  emulsion  forming  ability.  Assessment  was  made  of 
the  degree  of  dispersion  of  the  emulsion  and  its  type.  These  were 
rated  on  the  same  scale  as  was  used  for  the  emulsion  forming  test. 

The  sample  of  emulsion  used  contained  70?  of  water  and  the  treat¬ 
ment  rate,  calculated  on  the  oil  content  was  therefore  approximately 
30?.  The  results  are  given  in  Table  6. 


/ 
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One  nm-d-'^erg^nt  materi^:  -r. --  D-ed  :n  a  different  manner  was 
also  tried,  this  was  sawdust  trei*-:  w'i*h  TC  -5  render  it  lipcphilic 
and  hydrr.phobic  lliis  was  sprinkied  tn  *he  emu.lsirn  befcre  the  water 
Was  added  and  a"*;  the  end  cf  the  was  well  worked  into  the  emulsion 

form  an  easily  handled  senu  s^.^d  No  oil  appeared  tc  be 
liberated  into  the  water  in  this  .ase, 

A  different  detergent  order  f  merit  was  obtained  in  this 
modified  Swirling  Table  Emuisior  T'^st  with  samples  cf  water  in  oil 
e*3Tul«i_n.  However,  as  materials  being  used  at  that  time  ^marked 
with  an  asterisk  in  Table  6-  were  among  those  given  top  ratings, 
it  was  considered  unnecessary  and  practically  operationally 
unworkable  tc  recommend  one  mar.ufa rturer *s  product  as  suitable  for 
dealing  with  the  crude  oil  in  the  a-<=a  of  the  Torre>  Canyon,  and 
another  manufacturer's  product  for  the  emulsified  oil  when  it 
reached  the  beach 

6.  Interfacial  Tension  Measurements 


al  I  fit  r  cac:  i  .lorji 


Detergents  used  in  treating  oil  spills  can  be  assessed  by  their 
effect  in  reducing  the  ci 1-water  anterfacial  tension.  Thus,  a 
spreading  coefficient  S  fcr  ^ne  liquid  nn  another  is  considered  by 
Davies  and  Rideai  11963/  (:)  and  is  given  by  the  expression 


S  =  V  WA  - 

where  X  tr.  is  the  water-air  surface 
tension  andXQy  the  interfacial  ters 
IS  reduced  +he  spreading  cceffiiien 
for  emulsification  is  apprcachei  as 


OA  +  Ow) 

tension  Yoa  the  oil -air  surface 
1  ;r  .  As  the  interfacial  tension 
t  increases,  and  minimal  energy 
in*erf acial  tension  approaches 


ier:  . 


Of  the  two  most  ccramor.Iy  used  methods  for  measuring  interfacial 
tension,  namely  the  du-Ncuy  tensiometer  and  the  "drop-weight”  method, 
the  latter  lends  itself  to  the  mere  accurate  measurement  of  low 
values  of  interfacial  tensicr.  and  was  the  method  employed  in  the 
experiments  described.  Essentially  the  "drop-weight”  method  consists 
of  forcing  the  oil  through  a  fine  capillary  to  be  released  in 
individual  drops  into  the  surrounding  water-  The  volume  of  the  drop 
as  it  is  released  gives  a  measure  cf  the  interfacial  tension  provided 
the  dro^s^are  formed  sufficiently  slowly.  Thus  the  interfacial 
tension  Yq^.  is  related  to  the  vcliune  of  the  drop  according  to  the 
equation^. 

OW  =  Vo  '/t  -A'ig 


where  2a  is  the  external  diameter  cf  the  capillary,  .Xv  is  the 

difference  in  densities  of  the  wa’^er  and  cil,  Vc  the  yolume  cf  the 
oi  l  d.'op  and  g  the  ac-.elerati  .'n  due  to  gravity  For  the  same  oil 
rcntaining  5ma.i.l  amounts  of  the  different  detergents  /  w  -A c  may 
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be  taken  as  a  constant  to  a  first  approximation  £ind  the  interfacial 
tension  of  the  oil  containing  detergent  and  the  sea  water^ '  ODW 
can  be  compared  directly  with  that  of  the  untreated  oil-sea  water 
by  expressing  it  as  a  percentage  in  the  equation 


y*ow 


Vod 

Vo 


.  lOOJt 


(2) 


Corrections  to  equations  (1)  and  (2)  must  be  made  because  all 
of  the  oil  does  not  completely  leave  the  tip  of  the  needle  cub  the 
drop  is  released  and  the  interfacial  tension  may  not  act  vertically. 
In  this  connection  a  correction  factor^  which  is  a  function  of 
the  needle  diameter  and  the  volume  of  the  drop  must  be  applied  to 
equation  (l)  to  give 


^ow(/° V  yo)g 

2  IT  a 


and  to  equation  (2)  giving 

^odv 


Vod 


»ov 


Vo 


.  100$ 


(U) 


where^odw  and^ov  are  the  corrected  interfacial  tensions. 


According  to  Davies  and  Rideal  (5)  in  "interfacial  Phenomena" 
the  facte*  ^  is  the  saise  for  all  liquids  and  use  has  been  made  of 
Figure  l-<i3  of  this  book  in  making  correction  to  the  measurements. 

(b)  Experimental 

The  interfacial  tension  apparatus  shown  in  Figure  5  consists  of 
a  hypodermic  needle  and  a  pyrex  syrinx  joined  to  a  precision  bore 
pyrex  tube  calibrated  to  0.01  mi.  (limb  A).  Air  pressure  to  form  the 
drops  was  supplied  to  liotb  A  by  running  water  into  a  suitable 
reservoir.  The  drops  were  released  into  the  sea  water  which  was 
contained  in  limb  C.  The  third  limb  was  added  to  facilitate  the 
initial  filling  of  the  apparatus.  The  end  of  the  hypodermic  needle 
had  been  ground  flat  and,  prior  to  each  measurement,  was  dipped  in 
a  silicone  fluid.  The  measureipents  were  made  in  a  thermostatic' 
bath  at  a  temperature  of  21. 5  -  0.1°C.  Because  of  the  rapid  loss 
of  the  volatile  fractions  from  crude  oil  this  work  was  carried  out 
with  Navy  75-50  fuel  oil  as  the  bwe  oil  and  this  was  released  into 
sea  water.  Preliminary  experiments  shoved  that  convenient  measurements 
could  be  made  with  concentrations  of  2%  by  volume  of  detergent  blended 
into  the  oil. 


The  air  pressure  was  regulated  over  the  first  few  drops  so  that 
the  time  of  formation  of  the  drops  was  of  the  order  of  ij  to  2 
minutes.  For  the  smallest  drops  (with  the  better  detergents)  some¬ 
what  smaller  times  were  accepted.  According  to  the  size  of  the  drops 
the  number  forming  0.1  ml.  or  the  volume  for  25  drops  was  determined 
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such  that  an  efflux  of  a  minimum  c>l  0  1  mi.  was  observed  for  the  oil 
containing  detergents.  For  the  base  ,.i  alcn..-  the  voJume  of  10  drops 
was  determined.  It  was  noticed  that  the  time  of  formation  of  drops 
wELs  approximately  constant  over  the  period  of  efflux  and  this 
indicates  that  if  any  absorption  of  the  surfactant  from  the  interface 
into  the  sea  water  occurs  it  is  rot  appreciable  in  its  influence  on 
the  interfacial  tension  at  the  csricentratisns  involved  (approximately 
0.1  ml.  oil  containing  ?.%  detergent  .nt.,  IC  cc-  sea  water). 


Figure  6  shows  a  typical  drop  'just  before  release)  formed  with 
the  base  oil  containing  2%.  of  a  moderately  good  detergent-  A  value 
of  28.1  dya-  cm.  “  (25.6  unccrrected;  was  found  for  the  interfacial 

tension  between  the  base  oil  and  sea  water  using  equation  (3). 

Values  cf  the  interfacial  tension  for  the  oil  containing  2%  of  the 
different  detergents  before  and  after  correction  are  expressed  as 
a  fraction  of  this  in  Table  7- 


Measurements  of  the  interfacial  tensions  of  two  of  the  detergents 
(Nos  17  and  51)  were  made  at  different  concentrations  to  determine 
the  concentration  dependence.  The  normalised  interfacial  tension 
relative  to  the  base  oil  plotted  against  the  concentration  is  shown 
on  a  log-linear  scale  in  Figure  8  for  the  two  detergents.  Straight 
lines  have  been  drawn  according  tc  the  equation. 


-c/m 

e 


(5) 


where  C  is  the  per-cent  concentration  by  volume  and  m  is  a  constant 
different  f.ir  the  two  detergents. 


Since  it  is  known  that  drop  site  increases  with  the  rate  of 
formation  of  the  drops  because  of  the  formation  of  a  tail  to  the 
drops,  measurements  were  made  in  order  to  estimate  the  significance 
of  this  effect  with  one  of  the  detergents  -  No.  17,  at  a  concentra¬ 
tion  of  2%,  For  this  measurement  a  hypodermic  needle  of  larger 
external  diameter  (0-066  cm.)  vas  used  to  give  bigger  drops.  The 
larger  drops  were  needed  to  interrupt  a  tight  beam  to  a  photo-electric 
cell  which  was  made  to  operate  a  Schmitt  trigger  and  thence  a  camera 
which  simultaneously  photographed  the  calibrated  limb  of  the  inter¬ 
facial  tension  apparatus  and  a  10  second  step  watch,  a  count  being 
recorded  on  a  digital  counter.  The  light  source  and  lens,  the  photo¬ 
electric  cell,  and  the  stop  watch  were  in  watertight  jackets  in  the 
thermostatic  bath.  Flat  plate  windows  were  inserted  in  the  water- 
containing  limb  of 'the  interfacial  tension  apparatus  and  a  black 
cellulose  paint  was  used  to  limit  the  beeun  to  a  narrow  pencil  of  li^t. 
Figure  ■  shows  a  photograph  of  the  complete  apparatus.  As  the 
pressure  was  increased  the  size  cf  the  drops  increased  and  their  volume 
was  '■alculated  from  the  volume  required  t .  form  ten  drops  at  each 
pressure  The  effect  of  the  time  -if  fcrmation  on  drop  size  and  hence 
on  the  calculated  interfacial  tension  for  sample  No.  17  is  shown  in 
Figure  9-  The  dashed  line  indicates  the  value  of  the  interfacial 
tensicn  expected  frsm  the  previ-:u8  measurement  with  the  smaller  hypodermic 
needle  with  a  time  of  drop  formation  of  ij  minutes,  shoving  good  agreement. 
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(c!  Discussion  of  Resu..ts 


;  c)iows  fh-.’.  0.1  j.  ohe  deoer, ■rents  stud.ied  were  effective  in 
reducing  the  interfacial  t^-nsion  between  the  beisc  oil  Eind  sea  water. 

The  time  of  formation  of  the  drops  is  not  important  for  times  of  s 
format  ion  greater  than  1 5  minutes  as  is  evident  from  Figure  9  and  woxild 
not  signif icantiy  alter  the  values  given  in  Table  7-  However,  the 
estimated  accuracy  of  the  measurements  in  Table  7  is  no  better  than 
-3%  at  a  value  of  20%  relative  to  the  base  oil  and  about  -0.5Jf  at  IJC 
relative  to  the  base  oil  This  accuracy  is  considered  reasonable  in 
view  of  the  small  values  of  the  interfacial  tension. 


The  ccncentration  dependence  of  the  interfacisd  tension  with  the 
two  detergents  No.  17  and  51  approaches  the  logarithmic  law  of 
eq.uation  5  as  is  evident  from  Figure  8.  It  is  unlikely,  however,  that 
this  law  holds  for  sill  the  detergents  in  view  of  the  different  solvents 
£ind  the  differing  hydrophilic-iipophili c  nature  of  the  surfactant 
molecules,  but  it  may  serve  as  a  first  approximation  and  is  included 
for  that  reason.  According  to  the  logarithmic  law  the  values  of  m  would 
range  from  0,50  for  sample  No.  51  to  for  sample  No.  4  and  the 

concentrations  required  to  reduce  the  interfacisuL  tensions  to  any 
particular  value  would  be  in  the  same  proportions.  Sannle  4  appears  to 
be  the  least  effective  in  reducing  the  interfacial  tension  from  Table  7» 
and  was  also  less  effective  in  the  emulsifying  tests 

The  increasing  arcp  sire  with  increasing  rate  of  formation  of  the 
drops  shown  in  Figure  9  f'tr  sample  No.  17  is  due  in  part  to  the  forma¬ 
tion  of  a  tail  to  the  drops,  but  is  also  dependent  upon  the  rate  of 
diffusion  of  the  surfactant  molecules  to  the  surface  of  the  drops;  that 
is  the  size  of  the  drops  is  dependent  in  part  on  the  age  of  the  surface. 
Tnis  is  only  important  when  the  time  of  formation  of  the  drops  is  less 
than  one  minute. 

Returning  to  Table  7,  the  most  effective  detergents  in  reducing 
the  interfacial  tension  between  the  base  oil  suad  sea  water  would 
appear  to  be  sample  N.'s-  ;1,  8,  2c,  5  and  1  in  that  order.  One  problem 
raised  by  this  method  was  the  indication  that  much  smaller  quantities 
of  detergent  wculd  he  suffirien-^  to  emulsify  the  oil,  than  were  found 
to  be  required  in  practice.  This  is  in  part  almost  certainly  due  to 
the  much  more  efficient  mixing  in  the  laboratory  tests. 

Because  'jf  the  man-hours  required  for  these  determinations,  one 
operator  being  full^  occupied  in  doing  a  maximum  of  four  tests  in  a 
day,  this  method  was  used  mainly  as  ax.  aid  in  determining  cost /effective¬ 
ness  of  materials  purchased  by  Director  of  Contracts, 


7,  A  Note  on  Detergent  Ar.alysi£ 

The  majority  of  the  ma+erials  supplied  were  solutions  of 
surfactar.'^s  in  hydrocarbon  sciveuts.  In  some  cases  there  were  also 
present  nitrogenous  materials,  and  water,  which  interfered  with  the 
removal  cl  solvents  b>  distillation,  sind  which  needed  to  be  checked 
for  in  the  distillate 
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The  solvent  was  removed  from  the  sample  vacuum  distillation 
to  the  first  indication  of  breakdcwu  cf  the  residue  and  the  weight/ 
weight  content  calculated.  In  the  initial  stages  the  solvent  fractions 
were  character .sed  as  hydrocarbons  and  the  grrss  nature  of  the 
material  ioj^erred  from  boiling  range^specif  c  gravi  t^/refractive 
index,  later  it  was  possible  to  add  mere  dtiail  to  these  observations 
by  quantitative  infra  red,  extrac'ion  cf  ’he  aromatic  and  olefin 
fraction  with  sulphuric  acid/phosphorous  pentoxide,  flP  Method  li*5/55) 
gas  chromatography  and  finally  by  fluorescent  indicator  adsorption 
analysis  on  silica  gel  (IP  Method  156/6?  T).  In  general  these  methods 
showed  fair  sigreement.  The  F  I, A  results  were  more  readily  obtained 
and  showed  greater  consistency.  The  solvents  were  from  a  comparatively 
narrow  boiling  range,  the  majority  being  between  150-240  C- 

In  some  cases  the  distillation  of  solvent  caused  the  sample  to 
lose  nitrogen  bases,  these  were  determined  separately  by  steam 
distillation  of  the  sample  made  alkaline  with  sodium  hydroxide.  The 
nitrogenous  bases  being  trapped  in  staridard  acid  and  the  excess 
acid  titrated. 

The  residues  were  characterised  by  infra-red  spectrometry  and 
in  some  cases  examined  further  by  liquid  chrematography  by  the  methods 
described  by  Longman  and  Hilton  (8),  This  aspect  was  however, 
severely  restricted  by  staff  shortage. 

The  majority  of  surfactants  were  found  tc  be  ethylene  oxide 
condensates,  or  mixtures  containing  such  compounds.  The  leaching 
of  ethylene  oxide  condensates  from  the  treated  oil  into  sea  water 
was  examined  in  a  limited  number  of  cases  The  emulsion  at  the  end 
of  5  heur  swirling  in  the  STET  test  was  stirred  in'-c  3  litres  of  3% 
sodium  chlcride  solution-  The  re6u:..ting  emulsion  was  allowed  to 
separate  and  the  lower  clear  water  layer  examined  for  surface  active 
material  Initally  this  was  by  surface  tsnsicn  measurements  using 
the  du  Nody  Tensiometer  (IP  90/55  T,! .  The  results  were  compared  with 
standard  solutions  made  from  the  detergent  under  examination.  It  was 
found  in  some  cases  that  the  results  indicated  that  far  more  surface 
active  material  had  leached mto  the  sea  water  than  had  been  originally 
added  to  emulsify  the  oil.  Limited  wrk  to  cry  and  leach  surface 
active  material  from  untreated  crude  cil  into  sea  water  was  unsuccessful, 
so  this  method  was  abandoned. 

There  are  several  methods  for  determining  ethylene  oxide 
condensates.  It  had  been  hoped  tc  use  a  thi,n  layer  chromatographic 
method  (li^;,  but  due  to  the  delay  in  the  supply  of  reagents  for  this 
the  method  proposed  by  Kho  and  Stolten  ,9/  and  (  ?}  was  used.  The 
results  are  given  in  Table  8. 
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Ncr-Detergent  Materials 


In  addition  to  detergents  a  variety  of  other  materials  the 
majority  being  oil  sinkers  were  received  at  AOL.  These  were:- 


(a)  Crystalline  materials  for  scattering  on  beaches 
at  low  tide. 

(b)  A  liquid  for  treating  absorbents  to  make  them 
lipophilic . 

(c)  Absorbing  materials. 

(d)  A  coagulant. 


/stalline  Materisda 


It  was  suggested  that  these  materials  could  be  scattered  over 
an  oil  contaminated  beach  at  low  tide,  or  onto  a  clean  beach  at  low 
tide  on  which  it  appeared  likely  that  oil  would  come  ashore  on  the 
next  tide.  The  use  of  equipment  for  gritting  icy  roads  was  suggested 
for  scattering  the  crystals.  Then  as  the  tide  came  in,  the  crystals 
would  dissolve  forming  a  "powerful”  cleaning  solution  which  would 
lift  the  oil  off  the  beach,  or  prevent  it  settling  on  the  beach,  so 
that  it  could  be  carried  out  to  sea  with  the  receding  tide. 


TC  1*0  is  sold  as  a  degreaser  for  concrete  floors  in  garages,  etc., 
and  is  a  highly  alkaline  powerful  degreasant.  Tests  with  TC  1*0  on 
crude  oil  soaked  sand  in  the  laboratory  were  not  very  promising. 
Emulsification  tests  were  carried  out  by  dissolving  the  crystals  in 
sea  water  and  then  emulsifying  the  solution  with  oil.  This  produced 
a  very  ’instable  emulsion  which  rapidly  separated  out  into  oil  and 
salt  water  (See  Table  l). 


TC  57  is  similar  to  TC  1*0,  but  the  solution  is  nearly  neutral. 
Emulsion  stability  while  still  assessed  poor,  was  better  than  TC  Uo. 

Neither  of  these  products  were  considered  promising  enough  to 
recommend  for  a  large  scale  trial  Unless  very  laige  quantities  of 
crystals  were  used,  dilution  by  the  incoming  tide  as  the  crystals 
slowly  dissolved  would  give  only  a  very  dilute  solution.  Also  if 
there  was  sufficient  oil  on  the  beach  for  the  crystals  to  become 
completely  coated  with  oil,  solution  formation  as  the  tide  came  in 
would  be  very  slow.  Finally  as  emulsion  stability  was  poor,  any 
oil  that  was  "lifted  off"  the  beach  as  the  tid^  came  in,  would  be 
likely  to  be  deposited  again  as  the  tide  went  ou.  or  ■’ f  carried  out 
deposited  again  on  another  beach. 


Lipophilic  Promoting  Liquid 


The  manufacturers  claimed  TC  U5  could  be  used  to  treat  any  dry 
absorbent,  e.g.  sawdust,  straw,  at  about  addition,  to  make  such 
material  lipophilic.  It  was  also  claimed  that  the  lipophilic 
material  could  be  stored  without  deterioration;  this  was  considered 
to  be  a  hope,  rather  than  a  fact  proved  from  long  term  storage 
trials  of  bulk  material. 
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Sawdust  treated  with  b%  of  TC  was  spriukled  onto  crude  oil 
floating  on  sea  water-  A  sufficient  :iU6inti  ty  of  sawdust  was  used 
to  just  absorb  the  oil.  Initially  the  oil  soaked  sawdust  floated, 
but  over  a  period  of  months  the  majority  sank  to  the  bottom  of  the 
container.  At  the  end  of  eif^t  months  the  quantity  of  oil  released 
fro.m  the  sawdust  amounted  to  little  more  tlian  a  mcno-molecuiar  film 
on  the  surface  of  the  sea  water- 

Various  absorbent  materials  in  group  C,  tnat  appeared  hydrophilic 
in  character  were  treated  with  5^  of  TC  45-  in  all  cases  lipophilic 
characteristics  were  improved. 

Limited  trials  were  carried  out  in  Devonport  Dockyard  by  staff 
of  the  Captain  of  Dockyard,  and  TC  1+5  assessed  as  promising. 

For  dealing  with  smaller  spills  the  use  of  this  material  on  a 
suitable  substrate,  e.g.  straw,  wood  shavings,  would  enable  the  oil 
to  be  removed  from  the  sea  and  burnt.  Suitable  equipment  for  removing 
f  .e  oil  soaked  substrate  from  the  sea  would  have  to  be  developed. 

(c)  Absorbing  Materials 

With  the  exception  of  two  non-granular  samples  TC  lUT  and  ll*8, 
all  materials  were  tested  for  oil  absorption  and  retention  of  the 
absorbed  oil.  The  method  used  was  as  follows 

Into  a  500  ml  measuring  cylinder  was  placed  1+00  ml  of  sea  water 
and  10  ml  of  crude  oil  was  floated  on  the  surface-  Sufficient 
absorbent  was  sprinkled  onto  the  surface  to  just  absorb  the  oil,  and 
the  weight  of  absorbent  used  determined.  Dry  sand,  as  a  cheap 
readily  available  material  was  included  in  these  tests  The  results 
are  given  in  Table  9. 

TC  'Ik,  TO  93  and  TC  ll8  on  these  limited  tests  appeared 
satisfactory  absorbent/sinking  agents  for  crude  oil-  The  oil  had 
not  reappeared  on  the  surface  some  months  later  when  the  cylinders 
were  removed  and  washed  up,  TC  93  (a  treated  chalk)  was  in  finely 
powdered  form.  TC  7*+  and  TC  118  were  in  larger  particles  and 
tended  to  sink  through  the  oil  layer  more  rapidly  without  absorbing 
as  much  oil  as  their  potential  capacity,  AIJ.  these  three  were 
already  lipophilic  and  there  was  little  probable  advantage  in 
treating  these  with  TC  1+5. 

A  sample  of  natural  sponges  TC  100  appeared  highly  lipophilic, 
but  unless  some  means  could  be  devised  to  incorporate  these  lumps 
of  sponge  into  a  continuous  process  for  absorbing  oil,  squeezing 
it  cut  and  then  absorbing  oil  again,  their  use  would  be  very 
restricted. 

Two  types  of  glass  fibre  "mat",  TC  IL7  a  thin  (approximately 
2  mm)  rather  brittle  sheet,  and  TC  1*<8  a  thicker  (approximately 
20  mm)  softer  and  more  flexible  sheet  were  examined.  Both  materials 
show  lipophilic  properties  and  readily  absorb  crude  oil,  probably 
due  to  the  resin  treatment  of  the  fibres-  Both  materials  after 
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soaking  in  sea  water  will  absorb  crude  oil,  with  the  dieplacement  of 
the  see  water,  although  ccanplete  displacement  does  not  occur. 

This  type  of  material  can  be  unpleasant  to  handle,  and  its 
disposal  when  soaked  with  oil,  other  than  by  burying,  would  be  a 
problem.  For  this  reason  the  use  of  other  materials  that  could  be 
burnt,  e.g.  sawdust  treated  with  TC  U5  or  plastic  foam  would  appear 
preferable. 

(d)  A  Coagulant 

It  was  claimed  that  TC  62  when  mixed  with  its  weight  of  crude 
oil  would  solidify  it,  so  that  it  could  be  removed  as  a  "cake”. 

TC  62  was  sprayed  into  the  oil  floating  on  sea  water,  mixed  with 
.sea  water  and  the  oil  added,  and  sprayed  with  a  powerful  jet  into 
oil  floating  on  sea  water  so  that  all  components  were  vigorously 
mixed  together.  In  all  cases  an  increase  in  viscosity  of  the  oil 
layer  occurred,  but  no  "cake"  was  formed,  and  the  oil  TC  62  mixture 
had  to  be  treated  as  a  liquid  for  removal  purposes. 

This  material  appeared  to  offer  no  practical  advantage  in 
dealing  with  spilt  oil. 

9*  Discussion 


It  has  been  shown  that  the  performance  of  the  detergents  varied 
according  to  whether  the  emulsion  was  prepared  under  high  energy  or 
low  energy-  conditions.  All  detergents  were  tested  in  fact  under  high 
energy  cjiiditicns  (the  emulsification  stirring  test  in  DO  Ships/6992). 

When  reports  from  those  dealing  with  the  floating  oil  indicated  that  a 
low  energy  test  would  be  more  appropriate,  the  swirling  table  emulsion 
test  was  developed,  and  was  used  for  the  final  assessment  on  emulsion 
pcpertj.es.  The  high  energy  test  was  still  used  for  initial  sorting  as 
it  was  considered  that  if  there  was  a  rapid  breakdown  of  the  emulsion 
formed  in  this  test,  a  poor  result  would  be  obtained  with  the  low 
enpgy  swirling  table  test  (STET).  Considering  the  results  obtained 
Using  the  Kuwait  crude  oil,  all  the  detergents  assessed  good  with  the 
STET  were  assessed  good  on  the  5  hour  assessment  in  the  DGS/6992 
emulsification  test.  The  limits  laid  down  in  this  test  —  a  maximum 
of  1  ml  of  oil  and/or  15  ml  of  water  released  from  the  emulsion  after 
5  hours,  were  taken  as  a  failure  limit.  After  the  first  week  when 
samples  awaiting  test  started  to  accumulate,  a  detergent  with  a 
definite  failure  in  the  emulsion  test  or  assessed  or  5  in  the 
cleaning  test,  whichever  test  was  done  first,  was  put  to  one  side  and 
no  more  work  undertaken. 

Measurement  of  interfacial  tension  was  tried  as  another  way  of  determin¬ 
ing  the  efficiency  of  the  detergents.  Possibly  this  method  gives  as  good 
an  answer  as  any  in  terms  of  absolute  merit  assuming  ideal  conditions 
of  application  and  mixing.  In  practice  this  will  not  occur,  the 
detergent  losing  volatile  when  it  is  sprayed,  some  oil  receiving  too 
little  and  some  too  Buchdetergent,  and  mixing  likely  to  be  poor  except 
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where  the  oil  film  is  very  thin.  Ai -hiagh  there  was  a  similarity  in 
the  order  of  merit  of  detergents  determiiied  by  this  and  the  SI'ET  method, 
the  latter  was  considered  the  more  realistic  test  for  picking  the 
better  products. 

All  the  detergents  used  and  all  the  mere  highly  rated  products  were 
hydrocarbon  solutions  of  surfactants.  Some  aqueous  solutions  were 
submitted.  TC  71,  77,  99,  101,  110,  117,  119,  120,  121,  but  these  all 
gave  a  5  rating  in  the  cleaning  test  and  in  most  cases  emulsion 
stability  was  only  fair. 

It  w£is  expected  that  non-ionic  surfactants  would  be  found  in 
detergents  offered  for  emulsion  formation  with  sea  water.  In  fact 
the  majority  of  detergents  contained  mixtures  of  non-ionic  and  ionic 
surfacteuits  -  the  latter  being  present  in  the  order  of  10?  or  less 
in  the  mixture.  It  was  suggested  that  the  presence  of  a  small  amoinat 
of  ionic  surfactant  enhanced  the  activity  of  the  non-ionic  part.  All 
the  detergents  rated  good  for  emulsion  properties  contsdned  a  mixed 
non-ionic  and  ionic  surfactant. 

'fne  nature  of  the  hydrocarhen  solvent  without  doubt  affects  the 
efficiency  of  the  detergent.  It  appears  that  at  least  20%  needs  to 
be  aromatic  in  nattire.  It  seems  likely  that  it  is  necessary  for  there 
to  he  a  proportion  of  aromatics  to  carry  the  surfactants  into  the  oil. 
All  except  one  of  the  hi^ly  rated  detergents  had  a  solvent  containing 
20%  or  more  of  aromatics.  It  has  been  argued  that  the  toxicity  of  the 
solvents  increased  with  increasing  aromatic  content,  but  this  factor 
was  not  considered  at  the  time.  Halogen ated  solvents  were  however 
banned  as  they  were  considered  a  health  hazard  to  the  users  -  one 
detergent  in  particular  contained  72%  of  carbon  tetrachloride. 

The  non  detergent  materials  were  not  used  Euround  the  Cornish 
peninsula.  The  only  ones  which  AOI.  tests  showed  to  he  effective  were 
a  few  of  the  absorbant/sinking  materials  including  the  one  the  French 
claimed  they  used  successfully.  (It  is  probabl  that  what  reached 
the  French  coast  wsis  the  chocolate  mousse,  the  70  to  80?  water  in  oil 
emulsion).  This  treated  chalk  is  a  very  fine  powder  which  is  known 
to  scatter  in  clouds  in  even  a  light  breeze.  The  two  .other  sinkers 
which  dealt  adequately  with  crude  oil  in  the  laboratory  were  of  larger 
particle  size  and  tended  to  sink  through  the  oil  rather  fast  without 
seemingly  taking  with  them  as  much  oil  as  uhey  coixld  absorb.  There 
must  be  some  balance  between  the  most  efficient  particle  size  for 
sinking  of  the  oil  with  the  least  difficulty  in  application. 

It  was  also  noted  that  there  were  possibilinies  in  the  use  of  a 
liquid  claimed  with  some  justification  to  be  lipophilic  promoting. 

This  might  in  conjunction  with  straw,  wood  shavings,  etc.,  be  of 
value  in  dealing  with  smaller  oil  spills,  or  treating  booms  to  be 
placed  across  estuaries . 

AOL  was  required  to  advise  Director  of  Contracts  (Navy)  on  the 
best  products  to  buy  and  using  the  STET  and  cleaning  teat  the  "top- 
ten"  detergents  were  picked.  This  in  fact  grew  to  thirteen  due  to 
changes  in  formulation  and  a  late  recei’-ed  sample.  Table  10  in  this 
report  in  fact  lists  fourteen  and  Table  11  lists  seme  of  the  other 
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deter^jer.tF  wni  ;h  were  UEcd  ■:.r.  t.V.e  i.r^"  ruir.  ma.  r.lj  le;euBe  they 
were  aval  lot le  very  quickly  . 

Maiiy  .TiWi'ifacturers  were  disapp.'inted  in  that  fne.r  products  were 
not  on  the  recommended  list,  but  in  the  ranjority  of  cases,  products 
fcrmaiated  ftr  another  use,  were  taKen  off  'he  shelf  and  hopefully 
submitted  to  ADI.  One  firm  in  fact  unthinkingly  -offered  a  pr-oduct 
which  they  were  using  with  success  ft  c^eon  ships  tanks.  They  over¬ 
looked  the  fact  that  in  normal  use  -  t  was  an  advantage  if  the 
emuls.or.  f-'miei  during  cleaning  broke  rapidly  on  standing  so  that 
the  Oil  couid  be  recovered. 

A3L  were  also  required  to  assist  Director  of  Contracts  in 
assessing  if  the  prices  charged  for  detergents  were  fair  and 
reasonable  The  analytical  data  or  tamed  by  AOL  which  shoved 
surfactant  content  to  vary  from  less  than  5)1  to  jOH,  emd  ’’solvents'* 
to  vary  from  water  to  nearly  100%  aromatics,  did  enable  an  estimated 
cost  be  calculated.  This  was  available  tc  Director  of  Contracts 
(Navy)  in  his  negotiations  on  prices. 

10.  Conclus  j.ons 

(1)  Fr-cm  figures  supplied  by  the  manufac 'urers  the  production  capacity 
of  detergents  in  this  country  is  more  *han  adequate  to  meet  any  future 
emergency  similar  to  the  wrecking  of  the  Torre”  Canyon,  even  if  the 
oil  released  was  greater  by  a  factor  of  J  or  3  Additional  supplies 
cou^d  also  be  obtained  from  many  Eurcpeaii  C-un  .ries- 

(2)  Aii  efficient  detergent  is  likely  to  contain  a  mixed  non-ionic/ 

1 cn:  c  surfactant  dissolved  in  a  hydrocarbon  solvent  of  which  a 
minim'um  cf  above  20%  will  be  aromatic  in  nature. 


'I-  Because  of  the  vide  range  .,f  formulations  offered  a-nd  the 
dafi'-:ence  .n  test  results,  it  would  seem  prudent  to  produce  a 
speoifi'a- oon,  essentially  based  cr.  performance  tests,  and  to  have 
an  approved  list  vf  detergents  before  the  next  Tcrrey  Canyon  type 
cf  incident.  AOL  os  producing  a  specification  to  govern  purchases 
for  Navy  use. 

(ii/  Of  the  various  other  materials  arid  suggestions  submitted  to 
AOL,  on*y  the  use  of  sinking  materials  appeared  a  practical  proposition 
for  dealing  with  a  large  oil  spill  From  the  limited  work  on  these 
materisls,  the  two  mam  problems  would  be  ’a.)  the  design  of  efficient 
apparatus  f-r  shipboard  use  to  sea' ter  the  sinker  and  :b)  the  determina- 
ticn  of  optimum  particle  size/weight  cf  sinkers  to  prevent  either 
blowing  away  in  windy  conditions  or  sinking  too  rapidly  through  the  oil 
before  abscrpticn  con  occur 


Acki.  .'wl  edgements 


Cons-derabie  disruption  of  AOL’s  normal,  programme  of  work  was 
caused  by  the  emergency  and  this  lasted  for  sever,  to  eight  weeks 
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The  Superintendent  wishes  to  express  his  appreciation  of  the  staff 
who  worked  more  than  their  required  hours  including  shift  work  to  keep 
some  appeuratus  running  twenty  four  hours  a  day.  Particular  mention 
must  he  made  of  Mr.  C.  J.  Spilman  who  dealt  with  the  DOS. 6992 
specification  cleaning  of  emulsion  tests  and  progressed  the  samples 
through  the  laboratory. 
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APPENDIX  A 


Extract  from  Material  Specification  No.  DG  Ship3/6992 
Bilge  Clear:! Material 


1 .  Scope 

This  specification  covers  the  supply  of  a  liquid  cleaning  material 
suitable  for  use  in  bilges  of  machinery  spaces  of  HM  Ships. 

The  material  shall  be  suitable  for  application  by  means  of  a 
portable  sprayer,  working  under  a  pressure  of  25  psi. 

The  material  shall  combine  with  accumulations  of  fuel,  lub.  oil 
and  grease  and  when  washed  with  a  jet  of  sea  water  a  stable  emiilsion 
shall  be  formed. 

*».  Materials 


The  bilge  cleaning  material  shall  be  a  homogenous  blend  of 
chemicals,  free  from  suspended  matter  or  sediment,  and  stable  in 
storage  for  at  least  12  months  within  the  temperature  range  of 
lU  to  1U0°F.  It  shell  be  non-toxic,  non-corrosive  and  shall  not 
require  the  use  of  any  special  protective  clothing.  It  shall  not 
have  an  abnoxious  smell  or  be  unpleasant  in  use  in  confined  spaces. 

6.  Testing 

Samples  taken  from  any  portion  of  the  supply  shall  comply  with 
the  following  requirements:- 


Test 

Test  Limit 

Method 

Flash  point  °F 

,Si‘- 

IP.3i* 

Explosivity  %  Max. 

10 

Fed.  Standard 

791  No.  1151 

Cleaning  properties 

More  than  95)5  of  the 

FFO  film  removed 

Appendix  A 

Emulsification  properties 
after  5  hours 

Appendix  B 

Oil  separation  ml  Max. 

1 

Water  separation  ml  Max. 

15 

A.  Cleaning  Test 


3  grams  of  Admiralty  reference  furnace  fuel  oil  "I"  is  bruabed 
over  a  12"  x  12"  metal  nanel  (Aluminium  eilloy  N.SU  is  a  suitable 
material).  The  panel  it  stoved  at  120°C  for  18  hours,  in  a  horizontal 
position.  After  cooling,  the  panel,  in  a  vertical  position,  is 
sprayed  vith  50  ml  of  the  cleaning  material,  alloved  to  stand  for  30 
minutes,  and  then  vasbed  vith  a  jet  of  synthetic  sea  vater  (made  up 
to  the  formulation  in  method  IP. 135)  until  no  further  oil  is  removed. 

6.  Emulsification  Teat 

J40  ml  lubricating  oil  OEP-69  )  Are  placed  in  a  Herachel  tube 

30  ml  synthetic  sea  vater  )  and  stirred  at  1500'2i^  for 

(made  up  as  in  method  IP. 135)  )  5  minutes  at  room  temperature. 

10  ml  cleaning  material  ) 

The  emulsion  is  alloved  to  stand  at  60^  -  5^f  and  the  volustes  of 
emulsion,  vater  and  oil  noted  at  i,  1,  2,  3,  k  and  5  hours. 

(This  is  a  modification  of  method  11  of  DKF.2000} 


TABLE  I 

RESULTS  OF  EMULSIFICATION  AND  CLEANING  TESTS 


Sample | 
Ref. 


Ebnulsification  Test 

With  OEP  69  With  Crude  Oil 

After  5)  hours  After  2^4  hours  Alter  ?  h?urs  After  2^  hours 

ni .  of  ml .  of  ml.  of  ml.  of  mi  of  ;  ml  of  j mi .  of  ml.  of 
oil  vater  oil  water  oil  water  oil  water 


C  21 
C  22 
C  23 
TC  2h 
TC  25 

•  TC  27) 

•  TC  28) 
TC  29 
TC  30 


L  Vf  i 

ml  of 

mi  .  of 

ml .  of 

Gli 

water 

Oil 

water 

Tr 

4 

1 

17 

1 

3 

2 

11 

Tr 

0 

Tr 

ii 

0 

'4.5 

Tr 

16 

0 

k 

Tr 

13 

0 

7 

0 

17 

- 

- 

- 

7  Tr 

17 

8.5  1 

19 

12  0 

20 

C  0 

1 

7  1 

12 

3 

6.5  i 

18 

3.5  2 

II4 

8  Tr 

19.5 

0  1 

k 

6.5  0.5 

18 

5  0 

16 

Cleaning 

Assesement 


C  33 

•  TC  3k 
»  TC  35 

TC  36 

•  TC  37 
TC  38 
TC  39 
TC  LO 


t-*  OjrOHOJH  I  I\3vnf\>rOv/?l-*U)l-*U) 


Table  1  -  gfreet  2 


Enulsificati 

.'i.'i  Test 

Sample 

With  OEP-69  j 

With 

Crude  Oil 

Ref. 

Aftor 

5  hours . 

After  2 

4  hours 

After  5 

hours 

After  24  hours 

mi.  0*" 

ml .  of 

ml .  of 

ml :  of 

ml.  of 

ml ,  of 

ml .  of 

ml .  of 

oil 

water 

oil 

water 

oil 

water 

oil 

water 

TC  43 

47 

29 

3 

3 

10 

-  3 

TC  44 

2 

28 

- 

- 

- 

• 

- 

TC  47 

0 

14.5 

• 

• 

- 

- 

TC  48 

■sj 

12 

- 

0 

5 

0 

15 

TC  49 

1 

28 

- 

- 

0.5 

2.5 

2 

9 

TC  50 

4 

0 

- 

- 

5 

0 

11 

0 

*  TC  51 

Tr 

4 

* 

0 

0 

Tr 

15 

TC  52 

Tr 

16 

- 

- 

1 

4 

- 

- 

«  TC  53 

13 

8.5 

- 

- 

- 

- 

- 

•  TC  54 

42 

5.5 

- 

- 

- 

- 

> 

• 

TC  55 

Tr 

19 

- 

• 

- 

- 

- 

- 

TC  56 

0 

6 

- 

- 

0 

5 

1 

15 

TC  57 

2 

35.5 

- 

- 

- 

- 

- 

TC  58 

2.5 

29.5 

- 

- 

- 

- 

. 

TC  59 

1.5 

30.5 

• 

0 

0 

0 

Tr 

TC  60 

1 

24 

- 

- 

- 

- 

- 

- 

mmm 

2.5 

31 

• 

0 

0 

4o 

40 

1 

3 

- 

1 

5 

2 

15 

7 

0 

- 

- 

- 

- 

- 

TC  65 

5 

22 

- 

... 

• 

- 

TC  66 

2 

33 

• 

* 

TC  6t 

0 

16.5 

• 

* 

0 

5 

0 

14 

TC  68 

1.5 

11 

- 

- 

c 

'c 

0 

29 

TC  69 

1.0 

0 

- 

- 

c 

0 

0 

10 

TC  70 

Tr 

21 

- 

- 

- 

- 

- 

- 

TC  71 

* 

* 

TC  72 

0 

6 

0 

17 

1 

11 

1 

26 

TC  73 

2 

21 

- 

- 

- 

- 

- 

- 

TC  75 

Tr 

21 

<- 

0 

5 

0 

15 

TC  76 

18 

16 

- 

•> 

- 

TC  77 

8 

29.5 

• 

- 

w 

- 

- 

- 

TC  78 

0 

18 

- 

- 

- 

* 

- 

- 

TC  79 

0 

16 

- 

- 

0 

5 

0 

15 

TC  80 

2 

30.5 

- 

- 

Tr 

28 

39 

29 

1 

15 

1.5 

30.5 

- 

1 

0 

2 

0 

0 

0 

Tr 

5 

2 

Tr 

3 

6 

TC  85 

4 

18.5 

- 

- 

0 

3 

1 

9 

TC  86 

Tr 

18 

- 

- 

0 

8 

1 

9 

TC  87 

1.5 

18.5 

- 

- 

0 

6 

0 

17 

TC  88 

0 

15 

- 

- 

• 

- 

- 

TC  89 

0 

8 

- 

• 

0 

6 

Tr 

16 

TC  90 

0 

- 

- 

0 

2 

Tr 

7 

Cleaning 

Assessment 


1* 


■ace 
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Emulsi f . ;r. 


Sample 

Ref. 


With  OEP-69 


Cleani ng 
Assessment 


TC  91 
TC  92 
TC  9k 
TC  95 


Tib.fr  X 


Sample 

£ 

m  il  i  f  i 

'T  m 

i 

Cleaning 

Wi*h 

GEP-^9 

Wi  th 

C r  jde  Cl  <. 

Ref. 

Q| 

a 

3  h :  -re 

Af-er  £ 

Assessmsni 

mi  cf 

mi .  i 

ml.  ’If 

m.1.  •  •  f 

»»  *  • 

»*i  -  -  -  J 

ml  •:  f 

mi  .  of 

HI 

C-ll 

war,er 

Cl  i- 

\  ^  " 

i  ^ 

va-.c: 

m 

TCI  37 

U 

TCI  38 

3 

35 

37 

''6 

- 

* 

* 

•> 

TCI  39 

0 

19 

0 

- 

* 

- 

- 

TC1!4C 

> 

16 

3 

— 

.. 

— 

TClUl 

*37 
^  ] 

— 

- 

— 

— 

5 

TCll*2 

<♦£' 

28 

■•<1 

19 

0 

i  ^ 

T 

TC1«3 

0 

23 

19 

0 

T>». 

«  - 

0 

ti 

TCliiU 

0 

il 

. 

11 

i. 

0 

2 

TCII5 

C 

i 

r 

*C- 

3 

if  1 

U 

TCII16 

»• 

«r 

*4 

13 

0  5 

2 

0r5 

5  : 

- 

_ 

_ i_ 

*Notes 


TC8,  9  ar.d  xO 
TCx6  ar*d  IT 


W-.-f 


I':t.  ndif-fn*:  ra' .h-ri  cf  tr.i  sam®  tnarerial. 


-i  higher  -o-ilsificr 
-r  =c---r.r  I'lr.tec,:: 


TCi' 

ind 

on 

Hr.d  ’  -  c-  m- 1  i  .  a  i 

Kf  P-e  ’  ^  u-;- 

.:d  thrr.  with  1C  parts  rf 
u  :  w: 'h  this  mixture. 

TC33, 

37, 

8h 

31* 

53 

and 

,  31, 

,  5'-, 

r31 

C  --r.  *  di  rr--i  r  ^ :  r  5 '  ^  1  e  '  ^r.  *  ?  , 
a.cfp*=b..e  :  '■mi  ••=-aa.,T.~ 

ard  w -.uld  net  be 

TC5j 


Sim:  Id'-  TCc,  9,  -'li  -  d,  bi:  with  *he  emulsifier 


in  the  Swiri 


Sample  Reference 


Treatment  Bate  % 


Rating  after  1  hr  swirling 
Rating  after  2  hrs  swirling 
Rating  after  3  hrs  swirling 
Rating  after  I4  hrs  swirling 
Rating  after  5  hrs  swirling 


Rating  Number  (Unweighted) 


Rating  Number  ^Weighted) 


IC  5  TC  10  I  TC  17  TC  2k 


02c,  ho  iO  5  10  20  5 


^  2  11 


0  12 


0  17  17  IT 


0  1  0  0  33  10  0  h*8  h8 


Sample  Reference 


Treatment  Rate  % 


Rating  after  1  hr  swirling 
Rating  after  2  hrs  swirling 
Rating  after  3  hrs  swirling 
Rating  after  h  hrs  swirling 
Rating  after  5  hrs  swirling 


TC  30 


TC  36 


TC  39 


TC  U9 


TC  63 


5  10  20  10  20  5  10  20  5  10  20  5  10  20 


?l  . 


Rating  Number  (Unweighted)  j  20  11j  7  20  20  It  10  8  2  17  13  5  ll'  17  9 


Rating  Number  'Weighited)  60  ho  la  60  6C 


19  2  38  3h  7  3U  31  2 


TABL?: 


Unyeiglited  Rating  Nus.ot;.-.  obtained 
Svj.rling  Table  Emulsifioaticn  Test 


TAhLE  U 


Weighted  Ratina  Numbers,  obtained  in  the 


Swirling  Table  Emulsification  Test 


Treatment  Rate 
Rating  Units 


5% 

10){ 

20% 

Sample  Reference  (Prefixed  TO 

10,  51,  107 

10,  16,  51,  61, 

107 

10,  16,  17,  31,  51, 
98,  61,  107 

16 

97 

38,  97, 

38 

39 

- 

98 

69 

- 

• 

- 

• 

- 

4,  5,  22 

- 

- 

1+9 

- 

31 

1 

6l 

17 

- 

- 

- 

83 

- 

- 

32 

- 

- 

30 

5 

5 

- 

69 

- 

- 

92,  106 

3tt 

39 

- 

« 

- 

83 

- 

- 

- 

56 

1 

lOl* 

106,  92 

«. 

- 

- 

63,  109 

39 

- 

- 

98 

1* 

- 

- 

- 

103 

17 

- 

122,  126 

63 

1*9 

21 

- 

- 

• 

• 

134 

69,  92,  106 

56,  13I* 

- 

- 

20 

20 

30,  103 

- 

- 

122 

83 

109 

- 

4,  22,  97 

22,  32 

25,  36 

31 

63,  lOl*,  126 

2 

£U,  1*9,  126 

21,  21* 

2l* 

131* 

- 

6,  48 

20 

- 

3.102 

1,  2,  3,  6,  7,  11,  18 

2,  3,  6,  7,  11,  18 

7,  11.  18,  23.  96 

21,  23,  25,  30,  32, 

23,  25,  36,  1*8,  96, 

36r^8,  56,  96,  102, 

102 

103,  lOl*,  109,  122 

TABLE  5 


Grouping  of  results  from  Swirlir.K  Table  Erriulsicn  Tests 


Group  I 

Good  emulsifier 


Group  IT 

Moderate  emulsifier 


Group  III 
Poor  emulsifier 


i 

Emulsifier 

Nature  of 

Emulsifier 

i 

Aromatics 
in  Solvent 

TC  REF. 

% 

Emulsifier 

U 

4.  d 

0  *H 

Ch 

0)  H 

U  (A 

2  ^ 

u>  k:  1 
0  D  1 

>  1 

4->  rH  1 

cd  0  1 
B  CO  1 

C  1 
<  -H  1 

TC  REF. 

% 

Emulsifier 

Nature  of 

Emulsifier 

0)  a 
0  Q) 
> 
V 

^  ^  0 
i  CO 
0 

u  a 

‘H 

50 

NI  +  I 

60 

*17 

30 

NI  +  I 

63 

19.5 

NI 

High 

25 

NI  +  I 

77 

31 

20 

NI  +  I 

20 

10 

NI 

92 

UO 

NI  +  I 

25 

61 

28.5 

NI  +  I 

*25 

10 

NI 

58 

*98 

5 

NI  +  I 

99 

36 

12 

NI  +  I 

low 

38 

50 

NI 

High 

*  2 

30 

NI  +  I 

7.5 

97 

10 

NI  -t-  I 

99 

*24 

40 

NI 

7.0 

39 

20 

NI 

High 

6 

24 

NI  +  I 

43 

*69 

33 

NI  +  I 

62.5 

48 

10 

NI 

High 

U 

17 

NI 

81.5 

*  3 

30 

NI  +  I 

16 

*  5 

21 

NI  +  I 

66 

102 

14 

NI 

73 

*22 

30 

NI 

91 

7 

8 

NI  +  I 

15 

U9 

10 

NI  +  I 

17 

11 

30 

NI 

28.5 

*  1 

33.5 

NI 

2k 

18 

25 

NI  +  I 

76 

83 

17 

NI 

8k 

23 

28 

I 

90 

32 

19 

NI  +  I 

94 

96 

12 

NI  +  I 

30 

10 

NI 

16 

92 

10 

NI 

20 

106 

*56 

12 

NI 

57 

lOU 

109 

103 

122 

NI 

21 

10 

NI 

*10 

»51 

*16 


NI  Non-ionic 
I  Ionic 

*  Indicates  most  efficient  products  according  to  DGS/6992  emulsion  test. 


TABLE  6 


Modified  Swirling  Table  Emulsification  Test  to 
compare  the  efficiencies  of  various  detergents  for 
beach  cleaning. 


Rating  Units 
Unweighted 

Sample  Reference  Nos. 

3 

TC  5  * 

h 

TC  17 

6 

TC  l*/3*/2l4»/25/6*/19/15 

8 

TC  51* 

15 

TC  6l 

l6 

TC  20/103 

20 

TC  96 

*  Products  used  to  clear  Torrey  Canyon  Oil  Spill 


TABLE  7 


Interfacial  Tension 

Sample  No. 

%  to  Standard 

Corrected 

1 

7.0 

7.9 

3 

12.9 

lU.l 

L 

26.3 

27.5 

5 

6.2 

7.0 

7 

19.8 

21.0 

8 

2.1 

2.5 

17 

8.0 

9.0 

20 

10.2 

11.3 

21 

9.2 

10.2 

22 

'♦.9 

5.6 

23 

15.1 

16.4 

2U 

12.2 

13.3 

25 

22.8 

2l*.3 

51 

l.k 

1.8 

56 

19.2 

20.1* 

69 

H*.5 

15.7 

97 

10.0 

11.1 

102 

11*. 5 

15.7 

TABLB  8 


Leaehirut  of  ethyl»ne  ojtide  coadeoaatea  froia  tr«»t«d  cniie  oil 


Suntle  lo. 

Wei^t  of  IOC  found 
in  veter  iwt) 

TC  5 

42.0 

10 

48.0 

16 

37.5 

17 

43.5 

31 

42.0 

38 

61.5 

39 

51.0 

U9 

37.5 

51 

27.5 

61 

15.0 

69 

3.0 

83 

28,5 

Weiflfat  added  (ag)  Percents^  in 

WtT 


55.5 

76 

50.5 

95 

131.5 

28 

114.0 

38 

51.0 

82 

204.0 

30 

62.0 

82 

47.6 

79 

29.5 

93 

42.8 

35 

23.5 

13 

53.0 

54 

P»  Dms*  rtsultt  v«r«  ot>tAin«d  trou  tr*at«d  crude  oil  eootein.nc 
20%  detercent. 


TABLE  9 

Effect  of  adding  absorbing  materials  to  oil  on  sea  water 


^  V 

^  G  X> 

O  ^  - 

M  >>  “O 


V  to  • 
)-•  a  « 

4->  'H 

+1  4) 

•H  cd  <u 
rH  O  » 


•H  4)  • 

•p  «  w 

C  4i 
rJ  4/ 

cr  o 

}h 

•  VO 

rH 

0  ^ 

U  O  Oi 

C  O 


>» 

♦J  *0 
•  H  4^ 

P  0)  « 

§9  M 

;s  ^  « 
O'  Oj  *0 
Jn 

•  fw 

K  <H 

2*<-« 

0  4; 
0(  P 
O. 

<  O  05 


O  ^  -H 

•P  o 

_  o 

>|TJ  »-!  V 

P  II  <0 

•  rt  C  43  3 
P  .H  t 

S3  O  O 
(3*  UJ 

5  « '3  o 


o 

H 

All  < 

mass 

>fcCj 

H  00 

•iH 

0  o 

1 

>»  ! 

{0  4> 

P 1  ; 

A  jC  O 

0  I 

P  <0 

o  1 

iP  *H  <H 

>  h 

0) 

O  0 

V 

U)  tf) 

a) 

P  « 

ki 

p  o  c 

t-* 

3  B  0 

X3 

.^5  > 

V  a  *0 

n- a 

O  B  b 

tt  o  3 

ja-MV 
^  p  o 
B  O 


O 


^  ^  w 
o  §)  S<  a  'b 
j3  S  f|5 

^  U  pH  9  .H 


PI 

cu 

CO 

Effect  of  adding  absorbing  materials  to  oil  on  sea  water 


oil  4  carried  it  to 
the  bottom. Globules 
of  oil  forL-d  on  the 
surface  of  the  sunk 


O  Oj  & 

tiO-H  r~t 

w  u  V.  .ri 

C  o 

a;  Vn 
H  4*  O  ^3 

'a  c 

1-4  ^4.^ 

a  <c 


«}  irt.  *J 
Ui  c\j  O  c 

s 

&>  j:  («. 

4-»  4-> 

C  -^4  R  o 
H-t  5  -H  V. 


O  C^  4^  O  C\J 


i/N  O  C3'  rvj  o  O  C\ 


OO-^iA^OsOO 

rH04  i-H^(\j  <— 4  ^  rHr-4 


CciA:gwr.r-oooc>ococo 

<\;C\j  rgr-4rH  cjh 


£ 

<T  4^ 

c  «  *3 

-4  :» 


r^,:r-.:»cO  iAlTnC-^  r-miTv 


♦J  rH 
rt  —  H 

in  o  B 


fvj  (C  O  Cg 

Wi 

£- 


iT'  U".  Lr\ 

m  'O  *0  •otT'OrHcgoiA 
J9  m  \o 


^  o-hoQOCCC 

6  ai 


O  O  Q  O  C> 


,, 

c- 

C  c 

O  < 

iTv 

o 

c. 

f! 

rf 

• 

rt 

rH 

0 

0 

u 

c 

in 

i,4 

f‘ 

E- 

[- 

F- 

f- 

t- 

r  - 

•—4 

1/ 

t— 

r. 

g"' 

^  1 

C- 

a' 

O 

rj  f 

OJ 

rg 

eg 

i,''  i/> 

f  1 

'J 

f  1 

o 

C  y 

o 

r  1  f  • 

O 

f  ; 

1 

f- 

f  « 

f- 

H 

H 

(-* 

F-  H 

H 

H 

H 

F-  1 

4« 

• 

• 

• 

• 

•f 

4> 

♦ 

» 

•croduc's  were  of  foreign  manufacture 


TABLE  11 

OTHER  nErERGEilTS  PURCHASED  Itl  THE  FIRST  RUSH 


FIGURE  ONE  Cleaning  Test.  6"x3”  panels  after 

cleaning. 


S 


FIGURE  THREE.  The  swirling  table. 


FIGURE  FIVE. 


FIGURESEVEN  Semi-automated  interfacial  tension  apparatus 


0  12  3 

CONCENTRATION  C  (%) 


FIGURE  EIGHT  The  Concentration  Dependence  of  ^odvy-'^Yow 
for  Samples  17  and  51 
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